Laboratory and field evaluation of entomopathogenic fungi for the control of amitraz-resistant and susceptible strains of Rhipicephalus decoloratus  by Murigu, Mercy M. et al.
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a  b  s  t  r  a  c  t
Rhipicephalus  decoloratus  causes  serious  economic  losses  in cattle  industry  every  year  in East  Africa.
Biological  control  using  entomopathogenic  fungi  is  seen  as a  promising  alternative  to  chemical  acari-
cides  being  used  for their  control.  The  pathogenicity  of  Metarhizium  anisopliae  and  of  Beauveria  bassiana
isolates  was  tested  in  the  laboratory  against  amitraz-resistant  and  amitraz-susceptible  strains  of  R.  decol-
oratus.  Unfed  larvae  were  sprayed  with  conidial  suspensions  of 1 × 109 conidia  ml−1.  Fungal  isolates
were  pathogenic  to  R.  decoloratus  larvae,  causing  mortality  of  between  10.0 and  100% and  between  12.1
and  100%  of  amitraz-susceptible  and amitraz-resistant  strains,  respectively.  The  LT50 values  of  selected
fungal  isolates  varied  between  2.6–4.2  days  in  amitraz-susceptible  strain  and  between  2.8–3.9 days  in
amitraz-resistant  strain.  The  LC50 values  varied  between  0.4  ±  0.1  and  200.0  ±  60 × 103 conidia  ml−1
and  between  0.1 ±  0.1  and  200.0  ±  31.0 × 103 conidia  ml−1 in amitraz-susceptible  and  amitraz-resistant
strains, respectively.  Metarhizium  anisopliae  isolate  ICIPE  7  outperformed  the  other  isolates  and  was
selected  for  compatibility  study  with  amitraz  and  ﬁeld  trial.  ICIPE  7 was  compatible  with  amitraz.  In the
ﬁeld,  four  treatments  including  control,  ICIPE  7 alone,  amitraz  alone  and  ICIPE  7/amitraz  were applied
on  cattle.  All  the  treatments  signiﬁcantly  reduced  the  number  of  ticks  on  all  the  sampling  dates:  day
7  (F3,8 = 3.917;  P = 0.0284),  day 14 (F3,8 = 9.090;  P  = 0.0275),  day  21  (F3,8 =  37.971;  P = 0.0001)  and  day  28
(F3,8 = 8.170;  P  =  0.0016)  compared  to  the control.  Results  of  the  present  study  indicate  that ICIPE  7  can
be  used  for  the  management  of amitraz-resistant  strain  of  R.  decoloratus.
© 2016  The  Author(s).  Published  by Elsevier  B.V.  This  is  an  open  access  article  under  the  CC. Introduction
Ticks and tick-borne diseases (TBDs) represent a major constrain
o livestock production in tropical and subtropical regions (Walker
t al., 2003). The most devastating species in East Africa region
nclude Rhipicephalus appendiculatus, Amblyomma variegatum and
hipicephalus decoloratus. The latter affects mainly cattle and can
ccasionally feed on horses and sheep but they do not complete
heir life-cycle on them (Walker et al., 2003). R. decoloratus are vec-
ors of anaplasmosis caused by Anaplasma marginale and babesiosis
aused by Babesia bigemina in cattle. Both diseases cause high pro-
∗ Corresponding author. Current address: 1501 Fisher Avenue, Ottawa, ON,
2C3M8, Canada.
E-mail address: nmaniania@icipe.org (N.K. Maniania).
ttp://dx.doi.org/10.1016/j.vetpar.2016.05.026
304-4017/© 2016 The Author(s). Published by Elsevier B.V. This is an open access articl
.0/).BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
duction losses and frequently lead to death (Melendez, 2000; Stuen
et al., 2003). In the absence of effective vaccines against anaplas-
mosis and babesiosis, control of the vector remains the best option.
Tick control is mainly based on the use of chemical acaricides
such as amitraz, pyrethroids and organophosphates (Pound et al.,
2009). However, chemical control has resulted in toxicological
and environmental hazards as well as unselective killing includ-
ing non-target organisms (Ducornez et al., 2005; Schulze et al.,
2005). More importantly, ticks have developed resistance to various
classes of compounds (Castro-Janer et al., 2010). This has prompted
the search for alternative tick control measures. The use of ento-
mopathogenic fungi (EPF) is among the strategies being considered
(Maniania et al., 2007). Three mycoacaricides based on Metarhiz-
ium anisopliae have been developed and commercialized for the
control of Ixodid ticks (Faria and Wraight, 2007). An integrated tick
management strategy using EPF as core component could address
e under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
M.M. Murigu et al. / Veterinary Parasitology 225 (2016) 12–18 13
Table  1
Identity of the fungal isolates used in the study and their germination on Sabouraud Dextrose Agar at 25 ± 2 ◦C.
Fungal species Isolate Locality (Country) Source Year of isolation Germination (%)
Metarhizium
anisopliae
ICIPE 41 Lemba (Democratic Republic of Congo) Soil 1990 98.8 ± 0.8
ICIPE  74 Mtwapa (Kenya) Soil 1990 96.6 ± 2.7
ICIPE  68 Matete (Democratic Republic of Congo) Soil 1990 96.6 ± 2.7
ICIPE  719 Machakos (Kenya) Soil 2013 97.3 ± 5.2
ICIPE  9 Matete (Democratic Republic of Congo) Galleria 1990 100.0 ± 0.0
ICIPE  91 Senegal Locust 2003 98.5 ± 1.0
ICIPE  7 Rusinga Island (Kenya) Amblyomma variegatum 1996 100.0 ± 0.0
Beauveria
bassiana
ICIPE  279 Kericho (Kenya) Soil 2005 97.2 ± 2.2
ICIPE  609 Meru (Kenya) Soil 2008 97.6 ± 1.7
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he problem of acaricide resistance in ticks. Amitraz was recently
eported to inhibit the development of Beauveria bassiana (Alizadeh
t al., 2007) and as a component of integrated tick management,
ompatibility between EPF and an acaricide must be evaluated
efore any integration.
The objectives of the present study were to screen fungal iso-
ates of B. bassiana and M.  anisopliae for their virulence against
mitraz-resistant and amitraz-susceptible strains of R. decoloratus,
o evaluate the compatibility of selected fungal isolate with acari-
ide and to evaluate the ﬁeld efﬁcacy on-host ticks.
. Materials and methods
.1. Ethical considerations
Laboratory bioassays were carried out at the International Cen-
re of Insect Physiology and Ecology (ICIPE) in Nairobi and ﬁeld
rial at a private farm in Transmara District. The fungal isolates
ere obtained from the ICIPE’s Arthropod Germplasm Centre and
o permission was required since the Centre operates under a
eadquarters’ agreement with the Kenyan Government. Ethical
learance was obtained from the Division of Veterinary Services
DVS), Nairobi, for ﬁeld trial.
.2. Ticks
The larvae of amitraz-resistant strain of R. decoloratus were
btained from Acarology Laboratory, Veterinary Department, Min-
stry of Agriculture, Livestock and Fisheries, Nairobi, Kenya, while
he amitraz-susceptible strain was obtained from International
ivestock Research Institute (ILRI), Nairobi, Kenya.
.3. Fungal isolates
Seven isolates of M.  anisopliae and 6 of B. bassiana were used in
he present study. They were obtained from the International Cen-
re of Insect Physiology and Ecology (ICIPE) Arthropod Germplasm
entre; their origin and place of isolation are presented in Table 1.
ungal isolates were cultured on Sabouraud Dextrose Agar (SDA) in
etri dishes (90-mm) and incubated (SANYO INCUBATOR®, Wood
ale, IL) at 25 ± 2 ◦C in complete darkness. The viability of conidia
as determined before any bioassay by the method described by
oettel and Inglis (1997). Conidia were harvested from 3-week-
ld cultures with a sterile spatula. Conidial suspensions (0.1 ml)
itrated to 1 × 106 conidia ml−1 were spread-plated on Petri dishes
ontaining SDA medium. A sterile microscope cover slip (2 × 2 cm)
as placed on top of the agar in each plate. Plates were incubated in
omplete darkness at 25 ± 2 ◦C and examined after 20 h. Percentage
ermination of conidia was determined by counting the number of
erminated conidia (a germ tube two times the diameter of the
ropagule) from 100 spores counted randomly on the surface areaSoil 2008 97.2 ± 2.2
Unknown 2007 96.6 ± 5.4
Amblyomma variegatum 2013 100.0 ± 0.0
covered by each cover slip under the light microscope (400 × ). Four
replicate plates per isolate were used.
2.4. Mass production
For ﬁeld experiment, conidia were produced on long white rice
as substrate in polyethylene bags. The rice was  autoclaved for
40 min  at 121 ◦C and was inoculated after cooling with 50 ml  3 days-
old broth and maintained in an incubation room (23–27 ◦C, 35–60%
Relative Humidity) for three weeks. The substrate was allowed to
dry for 5 days at room temperature before the conidia were har-
vested by sieving. The conidia were stored for two weeks in the
refrigerator (4–6 ◦C) before being used for the ﬁeld trial.
2.5. Preparation of conidial suspension
Conidia of each isolate were harvested from a 3-week-old cul-
ture by scrapping the surface of sporulating culture. Conidia were
suspended in sterile distilled water containing 0.05% Triton X-100
in universal bottles with 3 mm diameter glass beads. The conidial
suspension was vortexed for 5 min  for homogenization. Coni-
dial concentration was determined using an improved Neubauer
haemocytometer (Celeromics, UK). Different concentrations were
obtained through serial dilutions with distilled water containing
0.05% Triton X-100.
2.6. Acaricide
A synthetic acaricide, amitraz (Triatix®, Cooper K-Brands Ltd),
was used in the experiments. In ﬁeld trial, amitraz was  used at the
recommended concentration of 0.2% that corresponds to 250 ppm.
2.7. Laboratory bioassays
2.7.1. Efﬁcacy of amitraz against larvae of amitraz-resistant and
amitraz-susceptible strains of R. decoloratus
Two  concentrations of acaricide (62.5 ppm and 125 ppm) were
used. Ten ml  of each concentration were sprayed on larvae using
a hand sprayer. Controls were sprayed with sterile distilled water
only. The treated larvae were transferred into 90 mm Petri dish con-
taining ﬁlter paper at the base and sealed with Paraﬁlm to prevent
larvae from escaping. Larvae were then maintained in an incubator
at 25 ± 2 ◦C and 75% RH. Mortality was recorded daily for 7 days. Ten
larvae were used per replicate and the experiment was  replicated
four times.
2.7.2. Pathogenicity of isolates of anisopliae and bassiana
against larvae of amitraz-resistant and amitraz-susceptible
strains of R. decoloratus
Larvae of R. decoloratus were sprayed with 10 ml  of fungal sus-
pension titrated at 1 × 109 conidia ml−1 using Burgerjon’s spray
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ower (Burgerjon, 1956). In the control, larvae were treated with
terile distilled water containing 0.05% Triton X-100. The treated
arvae were transferred into 90 mm Petri dish containing moist
terilized ﬁlter paper and sealed with Paraﬁlm to prevent larvae
rom escaping and maintained at 25 ± 2 ◦C and 70 ± 5% RH. Four
eplicates of ten ticks each were used. Mortality was recorded daily
or 7 days. Dead ticks were removed, surface-sterilized with 2.5%
odium hypochlorite and 70% alcohol, rinsed twice in sterile dis-
illed water, and then placed into 90 mm diameter Petri dishes lined
ith moistened ﬁlter paper to allow mycosis on the surface of the
adavers.
.7.3. Dose-mortality response
Fungal isolates that caused 100% mortality in the pathogenicity
ioassays were selected for the dose-mortality response exper-
ments. Five conidial concentrations (1 × 105, 1 × 106, 1 × 107,
 × 108 and 1 × 109 conidia ml−1) were sprayed using Burgerjon’s
pray tower as described above. The control group was  treated with
.05% Triton X-100. Treatments consisted of 10 larvae each and
eplicated four times, and the experiment was repeated twice.
.7.4. Compatibility between anisopliae and amitraz
Based on lethal-mortality time and dose-mortality response
ata, ICIPE 7 was selected for compatibility study with acaricide.
he following parameters were evaluated:
.7.5. Conidial germination
SDA medium was prepared and allowed to cool at 45 ◦C. Differ-
nt concentrations of amitraz (1, 2, 4 and 8%) were then mixed with
DA medium. Conidial suspension (0.1 ml)  of the ICIPE 7 titrated at
 × 106 spore ml−1 was spread-plated on SDA medium and incu-
ated at 25 ± 2 ◦C for 20 h. Control treatment consisted of conidial
uspension without amitraz. The percentage of conidial germina-
ion was determined as previously described.
.7.6. Mycelia dry weight
A conidial suspension of (0.1 ml)  titrated at 1 × 106 conidia ml−1
as spread-plated on SDA plates as described above and incubated
or three days at 25 ± 2 ◦C to obtain mycelial mats (Nana et al.,
012). The unsporulated mycelial mats were cut from the culture
lates into round agar plugs using a 4 mm diameter cork borer. Each
gar plug was then transferred singly onto the center of a 90-mm
iameter Petri dish containing fresh SDA agar amended with 0, 1,
, 4 and 8% of amitraz. Plates were incubated at 25 ± 2 ◦C in com-
lete darkness for 7 days. Mycelial mats were harvested with sterile
patula and placed in sterile Petri dishes containing ﬁlter paper.
he initial weight of the ﬁlter paper was recorded. The Petri dishes
ere kept in hot air oven at 50 ◦C for 30 min  and the ﬁnal weight of
he fungal mat  along with the ﬁlter paper recorded immediately.
he difference between the ﬁnal and initial weight was consid-
red as dry weight of mycelium. Treatments were randomized and
eplicated ﬁve times.
.7.7. Radial fungal growth
Agar plugs obtained using the same technique as previously
escribed were transferred onto the center of a fresh SDA plate
mended with 1, 2, 4 and 8% of amitraz. Plates were sealed with
araﬁlm and incubated upside down in complete darkness at
5 ± 2 ◦C (Nana et al., 2012). Radial growth was recorded daily for
 days using two cardinal diameters, through two orthogonal axes
reviously drawn on the bottom of each Petri dish to serve as a
eference. Four replicates were used..7.8. Spore production
Agar plugs were obtained as described earlier and transferred
nto the center of a fresh SDA plate amended with acaricides con-asitology 225 (2016) 12–18
taining the same concentrations as above and incubated at 25 ± 2 ◦C
for 7 days. The sporulated mycelial mats were cut from the culture
plates into round agar plugs using a 4 mm diameter cork borer.
Each agar plug was  then transferred singly onto the universal bot-
tle containing 10 ml  sterile distilled water with triton water (0.05%
Triton X-100) and vortexed for 5 min. Conidial concentration was
determined using an improved Neubauer counting chamber and
the experiment was replicated four times.
2.8. Field trial
2.8.1. Site
The experiment was carried out at a private farm situated at
12 km from Kilgoris town in the Transmara District (Narok County,
Kenya): 1◦ 0′ 0′′S, 34◦ 53′ 0′′E, 1716 m asl. The study area was a
0.81 ha paddock though animals were free to graze anywhere in
the 52.6 ha that constituted the farm. The vegetation was predom-
inantly red oat grass, Themeda triandra. The height of the grass
was between 5 and 25 cm. The experiment was done during the
rainy season, from October to November 2014. This period is char-
acterized by high abundance of R. appendiculatus;  A. variegatum
and R. decoloratus (Walker et al., 2003). Tick resistance to acari-
cides including amitraz has been reported in the area (Muinde,
unpublished data). The prevailing climatic conditions during the
experimental period were as follows: mean maximum tempera-
ture, 22.7 ◦C; mean minimum temperature, 13.8 ◦C; 86.5% RH at
06:00 a.m.; 57.3% RH at noon; and 37.2 mm rainfall (Department of
Meteorology, Kenya).
2.8.2. Treatments and evaluation of efﬁcacy of treatments
ICIPE 7 was  selected for the ﬁeld trial. Conidial suspension
titrated 1 × 109 conidia ml−1 was mixed with water containing
0.05% Triton X-100 and canola oil (15%). Twenty-ﬁve indigenous
cows were pre-selected based on their age (approx. 1.5 year-old)
and weight (approx. 150–175 kg). They were allowed to graze on
pasture for two  weeks to become infested with ticks. Twenty cows
were further selected based on the total tick count per animal with
emphasis to R. decoloratus (72–126 ticks) which was reported to be
resistant to amitraz (Hatta et al., 2013) and were randomly divided
in four groups and assigned the following treatments: (i) Controls
(water + 0.05% Triton X–100 + 15% canola oil); (ii) ICIPE 7 (1 × 109
conidia ml−1); (iii) amitraz (recommended concentration of 0.2%)
and (iv) Combination amitraz (0.1%) and ICIPE 7 (1 × 108 conidia
ml−1). Two  litres of suspension were sprayed per cow in a crush,
except in amitraz treatment where individual cows were sprayed
with 5 l (standard practice in the region). Treatments were applied
once a week for four weeks. The number of R. decoloratus on the
ﬂank (delimited between the shoulder and the hip) of the cattle
was recorded, as described by Jonsson et al. (1998), weekly before
spray applications on day 0, 7, 14, 21 and 28. Rhipicephalus decol-
oratus ticks were counted on the 3 regions on each animal: head
(head, ear, neck, the dewlap to the point of the sternum), shoulder
(outer and inner foreleg from point of the sternum back to the start
of the fore belly) and the back (ribs, tail and tail switch, udder and
scrotum and hind legs). After application of treatments, each sin-
gle group of cattle was allowed to graze separately on tick-infested
grass throughout the experimental period. To determine the pro-
portion of ticks infected with fungus, 8–10 ticks were collected from
each cow in fungus-treated groups and control. They were placed in
sterile Petri dish and maintained in room temperature (25–27 ◦C)
for 10 days. Mortality was  recorded and dead ticks were placed on
Petri dish lined with damp ﬁlter paper to allow fungal growth on
the surface of cadaver.
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Table 2
Virulence of Metarhizium anisopliae and Beauveria bassiana isolates against amitraz-
resistant and amitraz-susceptible Rhipicephalus decoloratus larvae.
Mortality (%) t-value P-value df
Isolates amitraz-susceptible amitraz-resistant
Controls 0.0 ± 0.0 0.0 ± 0.0 – – –
ICIPE 9 10.6 ± 6.0 12.1 ± 5.8 0.17 0.428 77
ICIPE 91 96.7 ± 5.7 100.0 ± 0.0 0.57 0.564 78
ICIPE 41 100.0 ± 0.0 100.0 ± 0.0 – – –
ICIPE 7 100.0 ± 0.0 100.0 ± 0.0 – – –
ICIPE 74 10.0 ± 1.0 100.0 ± 0.0 89.55 0.000* 77
ICIPE 68 20.0 ± 8.2 10.0 ± 5.8 0.99 0.161 70
ICIPE 719 83.3 ± 20.8 100.0 ± 0.0 0.80 0.424 76
ICIPE 279 100.0 ± 0.0 93.3 ± 5.8 1.15 0.251 78
ICIPE 644 15.0 ± 5.8 12.5 ± 9.6 0.22 0.412 64
ICIPE 609 22.5 ± 9.6 17.5 ± 5.0 0.46 0.322 58
ICIPE 676 62.5 ± 9.6 30.0 ± 10.8 2.24 0.013* 76
* Signiﬁcantly different by Student t-test (P < 0.05).
Table 3
Lethal time 50% mortality (LT50) values of selected isolates of Metarhizium anisopliae
and Beauveria bassiana in unfed larvae of amitraz-susceptible and amitraz-resistant
Rhipicephalus decoloratus.
LT50 (Days) t-value P-value df
Isolates Amitraz-susceptible Amitraz-resistant
Control – – – – –
ICIPE 91 3.3 ± 0.4 3.9 ± 0.3 1.2 0.234 72
ICIPE 41 3.0 ± 0.3 3.2 ± 1.2 0.2 0.872 43
ICIPE 7 2.6 ± 0.3 3.1 ± 0.5 0.8 0.394 63
ICIPE 719 4.2 ± 0.4 2.8 ± 0.5 2.1 0.031* 74
ICIPE 279 3.0 ± 0.3 3.3 ± 0.7 0.4 0.694 52
ICIPE 718 4.1 ± 0.3 3.0 ± 0.3 1.4 0.154 52
* Signiﬁcantly different by Student t-test (P < 0.05).
Table 4
Lethal concentration 50% mortality (LC50) values of selected isolates Metarhizium
anisopliae and Beauveria bassiana in unfed larvae of amitraz-susceptible and amitraz-
resistant Rhipicephalus decoloratus.
Mean LC50 (x 103 conidia ml−1) t-value P-value df
Isolates Amitraz-susceptible Amitraz-resistant
ICIPE 91 3.9 ± 0.1 100 ± 6.2 5.5 0.022* 58
ICIPE 41 50.0 ± 6.0 79.0 ± 6.0 0.9 0.337 58
ICIPE 7 0.4 ± 0.1 0.3 ± 0.2 0.6 0.455 58
ICIPE 279 200 ± 60.0 200 ± 31.0 0.0 0.999 58ig. 1. Mortality of amitraz-susceptible and amitraz-resistant strains of Rhipi-
ephalus decoloratus following exposure to different concentrations of amitraz. Bars
enote means ± one standard error (P > 0.05; t-test).
.9. Data analysis
Percent mortality was corrected for control mortality (Abbott,
925) and normalized by arcsine transformation (Sokal and Rohlf,
981) before being subjected to analysis of variance (ANOVA) using
ROC GLM at 95% level of signiﬁcance. Student-Newman-Keuls
nalysis was used to separate the means as a post-ANOVA proce-
ure (P < 0.05). The lethal time and lethal concentration values were
etermined for each replicate using the probit analysis method
or correlation data (Throne et al., 1995) and compared among
hemselves using ANOVA (P < 0.05) and means separated using
tudent-Newman-Keuls.
Compatibility between the fungus and amitraz was calculated
sing the formula proposed by Alves et al. (1998) to classify chemi-
al products according to their toxicity to entomopathogenic fungi
n vitro. Analysis of variance (ANOVA procedure of SAS (2001)) was
sed to analyze percentage germination and radial growth data.
. Results
.1. Efﬁcacy of amitraz against larvae of amitraz-resistant and
mitraz-susceptible strains of decoloratus
No mortality was recorded in the controls in both amitraz-
esistant and amitraz-susceptible strains. At the concentration of
2.5 ppm, amitraz caused mortality of 20.9% in amitraz-resistant
train while 35.4% in the amitraz-susceptible strain; the difference
eing not signiﬁcant (F1,8 = 3.283; P = 0.077). At the concentration
f 125 ppm, however, there was a signiﬁcant difference, with ami-
raz causing higher mortality (82.5%) in amitraz-susceptible larvae
train than in the amitraz-resistant strain (62.5%) (F1,8 = 53.576;
 = 0.001) (Fig. 1).
.2. Pathogenicity of isolates of M.  anisopliae and B. bassiana
gainst larvae of amitraz-resistant and amitraz-susceptible
trains of R. decoloratus
No mortality was recorded in the controls in both amitraz-
esistant and amitraz-susceptible strains. Fungal isolates caused
ortality of between 10.0 and 100% and between 12.1 and 100%
f amitraz-susceptible and amitraz-resistant strains, respectively
Table 2). Mortality varied according to fungal isolates. With excep-
ion to isolates B. bassiana ICIPE 676 and M. anisopliae ICIPE 74
hich had signiﬁcant different T-values and P-values, there were
o signiﬁcant differences among fungal isolates (Table 2). TheICIPE 718 31.0 ± 8.0 0.1 ± 0.1 257.3 0.001* 58
* Signiﬁcantly different by Student t-test (P < 0.05).
LT50 values of the selected isolates varied between 2.6-4.2 days
in amitraz-susceptible strain and between 2.8-3.9 days in amitraz-
resistant strain, and there were no signiﬁcant differences between
the fungal isolates, except M. anisopliae isolate ICIPE 719 (Table 3).
The LC50 values varied between 0.4 ± 0.1 × 103 and 200.0 ± 60 × 103
conidia ml−1 and between 0.1 ± 0.1 × 103 and 200.0 ± 31.0 × 103
conidia ml−1 in amitraz-susceptible and amitraz-resistant strains,
respectively, and were not signiﬁcantly different between amitraz-
susceptible and amitraz-resistant strains, except with M.  anisopliae
isolate ICIPE 91 and B. bassiana isolate ICIPE 718 (Table 4).
3.3. Compatibility between amitraz and anisopliae ICIPE 7
The colony diameter ranged from 9.2 ± 0.4 mm in the controls
to 8.6 ± 0.2 mm at the concentration of 2% of amitraz and the dif-
ference was not signiﬁcant (Table 5). However, high concentrations
of amitraz (4 and 8%) had negative effect on radial growth of ICIPE
7 on day 3 post-inoculation. Reduction in radial growth was only
observed at the higher concentration of amitraz (8%) on day 6
post-inoculation. There were no signiﬁcant effects of different con-
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Table 5
Effects of amitraz on average radial growth, mycelial dry weight, conidial yield, and germination of M. anisopliae isolate ICIPE 7.
Amitraz concentrations Colony diameter (mm)  Mycelial dry weight (mg) Yield (108 conidia m−1) (%) conidial germination
3 days 6 days 9 days
Control 9.2 ± 0.4a 17.4 ± 0.5a 27.6 ± 2.5a 0.51 ± 0.0a 8.7 ± 0.3a 98.2 ± 0.9a
SDA + 1% 9.0 ± 0.4a 16.2 ± 0.5a 25.4 ± 2.0a 0.47 ± 0.1a 8.2 ± 0.3a 97.6 ± 1.0a
SDA + 2% 8.6 ± 0.2a 15.4 ± 0.7a 24.0 ±3.1a 0.48 ± 0.1a 8.5 ± 0.5a 97.2 ± 1.0a
SDA + 4% 6.8 ± 0.2b 12.8 ± 1.8a 22.8 ± 3.9a 0.42 ± 0.1a 7.5 ± 0.3a 95.4 ± 1.0a
SDA + 8% 5.6 ± 0.2b 11.2 ± 1.8b 17.4 ± 2.4a 0.43 ± 0.1a 7.2 ± 0.5b 96.2 ± 1.2a
F value 23.5 4.3 1.8 0.4 2.8 1.2
P  value 0.01 0.01 0.17 0.82 
Means followed by the same letter on same column are not signiﬁcantly different by ANO
Table  6
Values and compatibility classiﬁcation of various concentrations of amitraz with M.
anisopliae following the classiﬁcation of Alves et al. (1998).
Amitraz concentrations “T” values Classiﬁcation
SDA + 1% 94.2 HC
SDA + 2% 96 HC
SDA + 4% 84.1 C
SDA + 8% 81.2 C
HC: Highly Compatible C: Compatible.
Fig. 2. Mean Rhipicephalus decoloratus counts overall animal body after a weekly
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tpplication of different treatments (arrows indicate the dates of application of
reatments). *Means signiﬁcantly different (P < 0.05). Arrows indicate the dates of
pplication of the treatments.
entrations of amitraz on radial growth on day 9 post-inoculation
Table 5). No signiﬁcant effects of different concentrations of ami-
raz on mycelia weight and conidial germination were observed,
xcept conidial yield with amitraz at the higher concentration
Table 5). The “T” values indicate that amitraz was highly compati-
le with ICIPE 7 at the concentration of 1 and 2% while compatible
t the concentrations of 4 and 8% (Table 6).
.4. Field trial
Before application of treatments, the number of R. decoloratus
as considerably high in all the treatments and varied between
1.8 and 125.6 and was not signiﬁcantly different (F3,8 = 0.4986;
 = 0.6885). Application of treatments signiﬁcantly reduced the
umber of ticks on all the sampling dates: day 7 (F3,8 = 3.917;
 = 0.028), day 14 (F3,8 = 9.090; P = 0.027), day 21 (F3,8 = 37.971;
 = 0.000) and day 28 (F3,8 = 8.170; P = 0.001) as compared to the
ontrol (Fig. 2). Signiﬁcant differences were observed between the
reatments, except on day 14 when tick reduction was highest in
mitraz alone treatment (F3,8 = 3.917; P = 0.0284) (Fig. 2). Ticks that
ere collected from cows at different sampling dates and brought
o the laboratory succumbed to fungal infection. Mortality varied0.05 0.35
VA follow by Tukey test (P < 0.05).
between 94 and 98% in fungus treatment compared to less than 3%
in the control. All dead ticks from fungus alone and combination
fungus-amitraz treatments developed mycosis.
4. Discussion
In the present study, lower mortality was recorded in amitraz-
resistant than in susceptible-amitraz larvae of R. decoloratus strain
by amitraz applied at the high concentration in the laboratory
bioassays, suggesting development of resistance of R. decoloratus
population to amitraz, which corroborates the ﬁndings of Hatta
et al. (2013) on the existence of amitraz-resistant strain in Kenya.
The resistance of ticks to amitraz is becoming a common phe-
nomenon and has mostly been reported in R. microplus in Mexico,
Australia and India (Rodríguez-Vivas et al., 2006; Davey et al., 2008;
Singh et al., 2014). Resistance of R. microplus to amitraz has recently
also been reported in Zambia (Muyobela et al., 2015).
The 13 fungal isolates tested varied in their pathogenic activity
against unfed larval stage of both amitraz-susceptible and amitraz-
resistant strains of R. decoloratus as illustrated by mortality, lethal
time and lethal concentration values. The pathogenicity of EPF has
been reported against various species of ticks including R. decol-
oratus. For instance, Kaaya and Hedimbi (2012) reported mortality
of 40–50% in adult R. decoloratus by M. anisopliae and B. bassiana in
the laboratory. Generally, fungal isolates that were virulent against
amitraz-susceptible strain were also virulent to amitraz-resistant
strain, which suggests that these isolates did not discriminate
between amitraz-resistant and amitraz-susceptible strains. Isolates
of M.  anisopliae were generally more pathogenic than those of
B. bassiana and there was  variability between the fungal isolates.
Interspeciﬁc and intraspeciﬁc variations in pathogenic activity of
EPF observed in the present study are similar to the ones reported
for other arthropod pests (Quesada-Moraga et al., 2006; Pirali-
Kheirabadi et al., 2007; Bugeme et al., 2009).
The associations of chemical acaricides with EPF have mostly
been studied for compatibility, synergism and resistance manage-
ment (Bahiense et al., 2006; Schumacher and Poehling, 2012). The
results of the present study demonstrated that ICIPE 7 is compati-
ble with amitraz. Similar results were reported by Schumacher and
Poehling (2012) with two isolates of M.  anisopliae. However, the
authors observed that vegetative growth of one of the isolates was
signiﬁcantly enhanced by amitraz at the concentrations of 1.6 ppm
and 40 ppm while sporulation was  reduced by approximately 50%
at the concentration of 200 ppm of amitraz in both fungal isolates.
Weekly application of treatments signiﬁcantly reduced on-host
tick population by 69.2% with ICIPE 7 alone, by 67.1% with ICIPE
7 + amitraz and by 94.9% with amitraz alone over the control after
4 weeks in the ﬁeld. There have been few attempts to control on-
host ticks with EPF with variable results. For example, Correia et al.
(1998) did not observe any signiﬁcant effect of M.  anisopliae on R.
microplus on cattle while Castro et al. (1997) reported over 50%
reduction in an on-host R. microplus following a single spray appli-
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ation of M.  anisopliae. Polar et al. (2005) also observed a reduction
n average number of R. microplus on cattle treated with two  iso-
ates of M.  anisopliae after 3 weeks of weekly application. Efﬁcacy
f 40.0–91.2% of R. microplus was achieved by weekly application
f M.  anisopliae by Alonso-Díaz et al. (2007). Recently, Kaaya and
edimbi (2012) reported mortality of between 65 and 78% in a
emi-ﬁeld experiment where R. appendiculatus feeding on zebu
attle were sprayed with B. bassiana and M.  anisopliae and main-
ained individually in nylon tetrapacks in the ﬁeld. Ticks sampled
t the different days including 7 days after spray application died
rom infection and developed mycosis, meaning that fungus was
till viable after 7 days despite environmental conditions on the
nimal host (Polar et al., 2008). Although the indirect effects of
ungal infection were not investigated in the present study, no
ngorged female sampled from the fungus-treated group laid eggs.
uch indirect effects of entomopathogenic fungi on ticks have been
eported in studies conducted in vitro conditions (Samish et al.,
001; Hornbostel et al., 2004; Rot et al., 2013). The challenge with
his experimental design was the re-infestation of animals with
icks since animals were free to return grazing in infested grasses.
or instance, tick population will go down 3–5 days after spray
pplication, but will increase on day 7 with new infestation. Inte-
rating a compatible repellent with the pathogen could address this
roblem.
The resistance of R. decoloratus to amitraz observed in the lab-
ratory was not found in the ﬁeld. This could be explained by the
act that pastoralists in this area use different types of acaricides
ccording to seasons. For instance, amitraz is used during dry sea-
on and cypermethrin during the rainy season to control tsetse ﬂies
nd ticks that thrive in the area during raining season. The associ-
tion of both amitraz and ICIPE 7 at the low concentrations did not
ncrease the efﬁcacy of the fungus as reported by Bahiense et al.
2006) with M.  anisopliae and deltamethrin on a resistant strain of
. microplus in the laboratory.
In conclusion, this study demonstrated that isolates of M.  aniso-
liae and B. bassiana are pathogenic to both amitraz-susceptible and
mitraz-resistant strains of R. decoloratus. However, M. anisopliae
solate ICIPE 7 was identiﬁed as the best isolate. Spray application of
his isolate resulted in signiﬁcant reduction of on-host ticks on cat-
le despite the high load and re-infestation of animals. ICIPE 7 can
herefore be considered for further development as mycoacaricide.
uture studies should consider improving its formulation.
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